The assessment of pulmonary function is important for the patient undergoing thoracic surgery: the results of such investigations are needed during operation and anesthesia and in post-operative management. They also serve as a guide to prognosis. Most important is information about restrictive or obstructive ventilatory impairment (Malmberg et al. 1965 ). Bronchospirometry and selective bronchial intubation enables information to be derived from the normal F E as well as the diseased lung (Jacobeus et al. 1932 , Wright & Michelson 1950 . This paper describes a simple technique for deriving static total compliance and for obtaining expiratory spirograms, from both lungs simultaneously and from each lung separately. The value of these investigations in the clinical situation is described.
Apparatus: The apparatus is shown in Figs 1 and 2. A wide bore three-way tap system (A) was connected to the patient, who was intubated with a Carlens double lumen catheter (B) (Carlens 1949) . Air was introduced into the system via tap C using a 120 ml capacity glass syringe (D); this was done incrementally and later withdrawn in a similar fashion. The pressure change for each increment or decrement was recorded by means of a Manley diaphragm pressure manometer (E). By rotating tap A the system could be connected to a dry-gas spirometer (F, Vitalograph). Materials and methods: Fourteen patients, of either sex, undergoing thoracic or major abdominal surgery were studied. The investigations were made after induction of aneesthesia and prior to surgery. Premedication was papaveretum 10-20 mg or pethidine 100 mg and atropine 0-6 mg intramuscularly an hour before operation. Induction of antsthesia consisted of thiopentone sodium 300-400 mg and tubocurarine 30-45 mg intravenously, followed by intubation with a Carlens double lumen catheter (No. 39) . This specific catheter and size was adhered to throughout the study. All patients were supine. Lung compliance: With tap A closed, air was introduced into the patient's lungs in 120 ml increments; the pressure was recorded and inflation was continued to a pressure of 25-30 cmH2O. Air was then withdrawn in a similar decremental manner. In this way inflation-deflation pressurevolume plots were obtained. This test was made on both lungs simultaneously and then on each lung separately by clamping the appropriate limb of the catheter mount.
Expiratory spirograms: Both lungs, then each lung separately, were inflated to a given pressure (30, 40 or 50 cmH2O) and allowed to empty passively into the spirometer. Expired volume (EV), expired volume in one second (EV1) and EV, % were obtained. Within the inflation limits above, EV1% was independent of the actual inflating pressure. The values of EV1% obtained using this technique are not comparable with a normally derived FEV1 % but this familiar notation and usage of spirograms will be retained for the sake of clarity. The volumes were not corrected to body temperature and pressure, saturated (BTPS) and no allowance was made for absorption of oxygen during inflation. These effects would tend to cancel.
The time taken for a complete series of studies on one patient was 15-20 minutes; no more thiopentone was required during this period. The lungs were inflated with nitrous oxide and oxygen between studies. This investigation could be done at the time of bronchoscopy; the results would then be of value in the pre-operative preparation of the patient. Bronchospirometry is usually done under topical analgesia whereas the present studies were made under general anesthesia with less upset to the patient.
Results
For each of the 14 patients a pressure-volume diagram was obtained with the spirograms, which were accompanied by history, clinical examination, radiographic, electrocardiographic and bronchoscopic findings. A summary of the results is shown in Table 1 .
The mean value for total static compliance in this study was 0-11 l./cmH5O, for right lung compliance was 0-066 l./cmH.O and for left lung compliance was 0-071 l./cmH5O. This apparent anomaly (in the normal subject the right lung has a greater volume than the left and is, in consequence, more compliant) is explained by the predominance of right sided lesions in the series (9 out of 14). Compliance was calculated from the inflation loop in all cases. In Figs 8 and 14 deflation as well as inflation pressure-volume plots are shown. The deflation line is displaced to the left of the inflation line, demonstrating hysteresis (Butler 1957) . This is probably due to changes in the surface tension characteristics of the alveoli following inflation (Clements 1962) . 
Section ofAnwsthetics
The mean value for EV1 % in this trial was 49 % (S.D. ±7-5 %). This measurement is not comparable with a normal FEV1 %. In this study the spirogram was obtained by passive deflation of the lungs through a relatively narrow bore double lumen catheter: spirograms so obtained are approximate exponential functions, the time constant being directly related to the product compliance x airway resistance (CR) (Waters & Mapleson 1964) . The investigation in this form has the advantage of being independent of patient co-operation. The clinical application of these investigations can be shown by reference to six case records. An asymptomatic 60-year-old man in whom routine chest radiography showed a mass in the right mid-zone (Fig 7) . Right upper lobectomy was done for an anaplastic bronchogenic carcinoma. The presence of this lesion reduced lung compliance but the spirograms from both lungs were normal. His postoperative course was satisfactory. Case 5 (Figs 8, 9, 10) A mediastinal mass was found on routine chest X-ray in this 46-year-old man. At bronchoscopy it was shown to be indenting the trachea; a bronchogenic cyst was found at thoracotomy. Both compliance and EV1 %/ were reduced in the right lung due to this cyst.
Case Records
The right main bronchus was found to be narrowed at operation. Recovery was uneventful.
Case 8 (Figs 11, 12, 13 ) This 61-year-old man gave a three-month history of cough and chest pain. He had been a coal miner. Air entry was reduced over the right lower zone, with scattered rales. Radiography showed a carcinoma of the right lower lobe with pleural effusion. Bronchoscopy revealed tumour ulcerating the right main bronchus. Total compliance and individual lung compliance was reduced as was the EV1L% from the right lung. In view of these and the operative findings, the lesion was considered inoperable. The patient died a month post-operatively, terminally developing superior vena cava obstruction.
Case 11 (Figs 14, 15, 16 ) A 59-year-old man gave a history of cough, heemoptysis and right-sided chest pain of one year's duration. Chest X-ray showed a shadow in the right upper zone (Fig 16) . This lesion was originally thought to be tuberculous in origin but did not resolve with drug therapy. Bronchoscopy revealed stenosis of the In two patients undergoing laparotomy for enlarged liver (Cases 9 and 14) right lung compliance was reduced relative to left, due to the presence of subdiaphragmatic mass.
Discussion
The work of Malmberg and his co-workers (1965) showed that, after lung surgery, mortality rate and the need for special respiratory care was greater in patients with impaired ventilatory capacity, whether restrictive (assessed on vital capacity) or obstructive (assessed on FEV10%) in origin. Special respiratory treatment was considered to be anything exceeding routine physiotherapy and included intubation, tracheotomy with or without assisted ventilation or ventilation with a respirator. In patients undergoing pneumonectomy, death rate and the need for postoperative ventilatory care was greater in those with obstructive disease than those with restrictive disease. Palmer & Gardiner (1964) demonstrated that, following upper abdominal surgery, there was a much higher incidence of post-operative atelectasis in patients with bronchitis and obstructive airway disease than in an uncomplicated group and that post-operative changes in pulmonary physiology were more marked in the complicated group, with restrictive and obstructive ventilatory impairment and arterial hypoxemia lasting up to five days.
Compliance is directly related to functional residual capacity (FRC) (Marshall 1957 , Cook et al. 1958 , Comroe 1962 and in this study was taken as a measure of the presence or absence of restrictive disease. Compliance may be reduced due to generalized disease (usually fibrosis), or to localized disease, either intrapulmonary or extrapulmonary. The particular value of this test and of bronchospirometry in general is the ability to separate the normal from the diseased lung and to differentiate between generalized and localized disease (cf. Case I 1); it gives no information about restrictive disease due to central respiratory depression or to neuromuscular disease. Several simple methods for the determination of static chest compliance have been devised (Newman et al. 1959 , Sykes 1967a . The mean value for static compliance in this study was 0-11 I./cmH2O, which is higher than found in other studies during anaesthesia. In series where cyclical changes in inflation pressure have been employed, average results were 0 047 l./cmH2O (Brownlee & Allbritten 1956), 0-058 l./cmH2O (Nims et al. 1955 ) and 0 07 I./cmH2O (Bromage 1958) . Butler & Smith (1957) , using static inflation as in the present series, obtained an average value of 0-098 l./cmH2O. Howell & Peckett (1957) analysed both techniques, arriving at values of 0 065 L./cmH2O with cyclical inflation and 0-078 l./cmH2O with static inflation. They attributed the difference to displacement of blood from the thorax during prolonged inflation.
Pressure-volume relations are curvilinear (cf. Fig 8) , but over the range of volumes used here they approximate to linear functions. The inflation pressure-volume line cuts the pressure ordinate between 0 and 4 cmH2O. Howell (1956) has explained this on the basis of bronchiolar collapse: in paralysed patients, the relaxed thorax sinks to a smaller expiratory volume than normal and the intrapleural pressure approximates to zero; effective elastic lung tension and the forces maintaining the patency of the smaller airways are reduced, producing closure of bronchioles. Howell found the airway pressure necessary to overcome this closing force was 3-6 cmH2O.
Pulmonary compliance is related to body size, surface area and height, and to residual volume and vital capacity; perhaps the best correlation is with FRC. Static compliance is reduced in the supine as compared with the upright position and compliance depends upon the volume history of the lungs (Sykes 1967b) . EV1 % as obtained in this study is taken as a guide to the presence or absence of obstructive airway disease. In normal spirograms a difficulty' in interpretation is found in cases where central bronchial tumours may produce features indistinguishable from generalized obstructive disease. Whereas the former may be resectable and a normal post-operative course be anticipated, the latter would indicate that special ventilatory care may be required. Central tumours may also produce a false restrictive picture by cutting off the last part of expiration by obstruction (Simonsson & Malmberg 1964) . These difficulties are obviated by reference to the spirograms from each individual lung, together with the values for compliance (cf. Cases 5 and 11).
The value of simple spirometry in assessing pulmonary function in the patient undergoing lung surgery has been demonstrated in an extensive retrospective study (Malmberg et al. 1965 ). The present investigation represents an extension of simple spirometry. Such investigations have a definite value in the assessment of anmsthetic and operative risk, in deciding the amount of resection which can be tolerated and the likelihood of the need for post-operative ventilatory support.
